Abstract
Introduction

27
Impervious surface is defined as any area consisting of constructed surface which 28 water cannot infiltrate to reach the soil (Yang et al, 2010; Weng, 2012) , such as roads, the spectral variability within several classes as well as the spectral confusion among 122 several land covers, especially between urban impervious surfaces and bare soil.
123
Therefore, simply extracting a single set of endmembers from the vertices in an 124 n-dimensional scatter plot of an entire scene, like the treatment in (Powell, et al, 2007) , 125 is potentially less reliable because they cannot account for the considerable 126 within-class variability (Rashed et al, 2003; Roessner et al, 2001 ). The similarity of 127 spectral characteristics between impervious and pervious surface, especially bare soil, 128 also prevent the SMA-based methods from achieving a promising result. 
133
To tackle this problem, we develop a stratified spectral unmixing method in Index (NDWI) (Gao, 1996) and Soil Adjusted Vegetation Index (SAVI) (Huete, 1988 
191
Where i enh is the enhanced index map, i nor is the normalized index map, λ is a 
195
The enhanced intensity maps are used to stratify the whole image. Otsu (Otsu, 196 1979) proposed a histogram-based threshold selection method that is suitable for 197 separating an object from its background. We use this method to automatically select 198 the threshold T for stratification. In Otsu's method (Otsu, 1979) , a threshold T is
201
where
, and p i is the probability of 
Endmember selection
211
Endmember extraction is critical. In this study, endmembers were selected in 212 each group independently, rather than from the entire image, to achieve more adaptive 
231
Group 1: high-albedo, low albedo and soil (H-L-S).
232
Group 2: high albedo, low albedo, soil and vegetation (H-L-S-V).
233
Group 3: low-albedo, soil and vegetation (L-S-V).
234
Impervious surface estimation
235
The LSMA approach is physically based on the assumption that the spectrum for 
Landsat TM imagery 262
The first study area is an urban transect in the region of Qingdao, China. As Non-urban land cover types include water bodies, green vegetation and bare soils. 
ASTER imagery
279
The second study area (Figure 3(b) ), located in Shenyang, China, is a typical Shenyang's urbanization will definitely continue to increase rapidly, and a more 290 complex landscape resulting from industrial transformation will be observed. Atmospheric correction was applied to neither of the images due to generally 299 good weather condition. Radiation calibration was conducted prior to data processing.
300
With the Landsat TM and ASTER reflectance images, water pixels were identified 
Experimental Results and Discussions
306
Experimental design
307
To evaluate the performance of the proposed method for mapping impervious 308 surface abundance and distribution, the corresponding Google Earth images, which 309 were generated near the acquisition date of Landsat TM and ASTER images 310 respectively, were used as the ground reference. The spatial resolution of Google
311
Earth images in both study areas is 0.5 m and each pixel is then treated as pure pixel. 
359
The automatically selected thresholds and rules for stratification in this 360 experiment were shown in Table 1 
